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Cost Account

No.

89

h125-1390-3902

. Object Class -+

Remarks and References

Obligations
— Incurfed

~ Obligations
__Liquidated

Unliquidated
Balance

MKULTRA Sub Prod. 133 7/29/63

9360400

9,360.00
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Dat> 29 July wes

MEMORANDUM FOR: C/TSD/FASS . !
GSUBJECT - o MKULTRA, Subpcoject Mo, 333 '
Under the :mthonty gzat\tud ia the meniotanivm Syted oo 20
'from tha DCI to the DD/A ‘and the e«(fenqmn of thiz avther? R CTE:
h memoranda, Subpro;egti ,1334”&1?5*’:c?:‘a’pjdi‘;é?féé?{ ":’(ml _$9, 360,00 i )

‘ ) of the over- all Pro;ect MKUL"! RA f“‘\da have been obliy

: ,au‘oproject‘s expenses avxd shauld bt. c’xa« g ‘L::')""és’:,é%’léiivl:« o

D

o K e

GConcur:

o o o P

APPRGVED FOR OBLIG AT K)i\l
OF FUNDS: '

Chief, DO/PJTSD

E}ate: o

- s

sttnbution
Orig & l - Add*essee

7 ~ TSD/ 6F
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No. -
3125139043902

Cost Account

- Object Class

o ... .1 obligations -] Obligations | Unliquidated
Remarks and References | ncurred — | Liquidated | Balance
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MXULTRA; Sub-proj 133 ~le3e000 | ]9,360.00
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Cost_Account _adrds - ATPO - I9FL

Object Class

1 . . . Obligations -]  Obligations | Unliquidated
Dater 7. Remarks and References ™ """} qneurred _ Liquidated Balance
24 &% 2880 :
L AAL L JF6d.72 T8, 7P
2 885 e 2/ e £ 56062 -
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, : . s DATR: _ 25 Mey 1961

LY AT g w® e - (T sgr!‘ﬂ'-kr e %
MRORAMDIEL PR 'L{'f CPIBLIER

p.0gET

NEEFTICE - 3 “?inmcf—' Bivision

S
r,

gé
3
*r

A’UL.:P'\ Ly S:.zbm adeet 133 i o

Fos r_&m:’i 13 Apoil 1977

Under the authoriby grendsd in {he wesoy

from the IXT to the TO/A, ent i e “extensicn of this evthority fa s~ 7

seguent vemoronda, Stzljfrajéct’;}}}g 3

'J,

TOVED, s.-.z"l $j,3€0.&)0

of The covar-all Frojeod 1ERMIRA funds Ln A bain obl ig.;xtel o eover Bho

eubpy G.ﬁ"ﬁ*E expeases sod sbowdd bo-ebarged 5eocesd contor o 2120=134

SESROVID PR OBLIGH IO » Ty T . —
& : ) CERTIFY THAT FUNDS ARE AVARABLE
OF *ﬁia...,. :

W T T s e s e el ATION REFIRENCE Mo, o
o Oy _ PR Rt
o i . CHAPGE TO ALLOTMENT Mo, ,ga ./Jzy Jﬁ’f«.

S AUHORZING CIFICER

1}15*:;' ‘m Slong
« & 2 - Mdrezss

X7~ TSD/FASS
2 - 18p/RB (1 chron, 1 file(finance)




MEMORANDUM FOR:_ Chlef, Finance Division '

ViA t TSD/Budget Officer |
SUBJECT +- MKULTRA, Subprofect 133, Involcs #1 -
| Allotment 212513903902

1. Invelce No. I covering the above subproject is attached.

~ Paymant should be mads as followss

2. _ Pleasge forvward the ¢ cheekl ta Chief, 'TSD/Research Bmch.

thzough TSDIBudget Offleur, no hter than 24 July 1961,

_Thiw ts a final Invoice, However, ‘since it 13 anticipated
that tdditimﬂ funds will be obligated for this pvajecf the files
should n&t ‘be cloged.,

Distribution: T ol
Orig & Z Addruua _
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CERTIFICATION

m-ummwmttmnmmdummmmm

Sub-project { 133 for the period 1 September 1964 - 30 April 1965, The jjf'f’

3
¥
i

—d
k]
“

accounting reflects expensss in the exount of ,§,3913;83 for the remainisg

graat balamce.

The seeounﬁ;g statepeat and payment certification vill bs retained

wmm\unbe nade available for reviev im TSD if wecessary.

I certify that satlefactory services repesented by the sccoating

bave beex r&ceived"iid"'thﬁt"to b beat of By kmovledge and belief the

funds expmlsﬂ ware for the purposss authorizad by the project spproval,




¥ I

ff) 91762 AT L

Jaz/é%g,,,,;f,, . hryores

Salarigg

Prewioug Rapor? - *"'%IZ,B&Z.Q%
. Yotal gelarles  §12,1R2.5

$uppllas 20 Expenses - —

2,668

Prav!

2,636.81
_ 8 .43
BN L 0 Y

‘Pctty Cash -
Tatw) !xpenur‘**"”l 636 SI

Totel Dlrec. o8ty . 15, 519 '&O I -1 1% ) A

Indlrect Coate =—— = T e

84,58

8

V5. 099.47

WY of Direct. COsﬁfi’”z 172. ;77—*%771 :
Total : Tﬁsﬁ—ﬁ , }%‘;’g

Funds Provld»sd .

Balancs (Vrl;ter‘EOff)

«-‘a» al

I dertify that services or
satisfactorily received -
Xora ipcurred on offie

vials hava ':m T

S T%‘% 19.48

18,000.00
35
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" gum will de used for vaymen
in ECONOMIGC GEOLXAY ana t}
R exnendable laboratory ltemj
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e N e 13215

' o

‘October 12,1964

,d,pleasewmw;iwﬁ”_" ',“lfr:f o
rp;earch" - ' IR e

the pericd beginning Septeaber i, [§62 ggg‘egd::
August 31,1964, e _
We trust tbat thegreport ls sufflcient\y detalled for 'Wﬂg';ﬁj,”":‘ -
your purposes. T e ey : ,

Please advlse‘ﬁhat dlsposltlon should be ‘made of tho

enclosure

T c.c. RN |




[0 V »7.\;5;& ‘s f’*\ ' ’ | s E \3 5_,‘5—5',\
| . S . B S

/ s
.

-Assoc . Professor ,;) Y Y P S - '$3,703, 2)7T
B Lab, Assistant 3,958.72  © 362,60 8,3l 32 e

BLadb. Tachnlclan - '8 00 - 85 o
Total Salarles S., 83 B YAVE

Su gglles ; gpenses _4 o DI s DA

. " : $1,055.92 - - $729.57 H 785 ‘l9
' Photographlc Serv ce_:iﬂ,,,,,, Sne—— Y ¥ | SR 24.{: 2 R S‘G,?‘Lf'
{nstitute Stores . = - .. 17.86 - 712,78 300
Telephone Expense : P T 1 P [ S - H S0 3.5
Central puplicating V.28 - : ———175.
Petty Cash C o360 1580 igko
' SRR SRR ¥ 1 DR BPE e | P [ a—
I 1446 l.73,_,,,_,, . le.,19 -
13.05 L : —13.05
L.30 | ——08,30
5.75 R ——8.15 i
- : - 121.06 Slors o 2.y
_ T 26.89 B R smeeeeeso06,89
— —5.10 **'*é by 7.40°
S 10,07 5239;33:;; 2k9 ho

o SN V35 [ S — T 35 e
? 36.85Tiiiiiﬁi2; 36,88
R A 2147
A W50 . 14,50
, - 2.38 2.38
" Total Expenses ~$1, 38'3'."50 o $‘ 253 017“ 3 R

' L!brary

Total Direct Costs ~ ' f'77,~.»S7:999;§3f1i;'J;Wse.k28:17,W s, bOﬁ

Indirect Cost - 14% of Direct Cost  $992. 69777775! 180, 03 T s2,172.72

Toat se;bsz.sz B ss,soa:ao’“““f‘*’”’sij;sgi.nif'"'“’

CFunds Provided T $9,000,00  $9,000,00 $18,000,00
(Overexpended) Underexpended o ’59)§,§§f’,i:'"f'”f($608;86) ' $307.§8 -




N TR B AT e

- 12 October 1964

) tranamitte; o me vwonone oy 7" "i'-' ' it . =
on 12 Octgber: 196k, = S it ) -
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PROJECT CRYPTO '+
DATE RENEWED i 29 July 1963

B concentrated his

Durlrg the previous year _ :
5 ofémicrobialjaétidﬁféﬁffif‘f

efforts on.the elucidation of M
mineral sulfides and manganese’ nodul

Bacterial d iSsolﬁf’ibnf7911Aé2'§§;f,,,,1‘7§ SgFeAsg, and 3CupSAsySs
was demonstrated. The end products were shpwn to-be arsenite,

arsenate, Feﬂ' FeﬂV' , and Cuf* _with the fate of the. sulfur still
undetermlned

Stud1es on- CUSn 1nd1cated that Thioba0111us ~S§p. were unable

to solubilize~this mineral in pure culture, They found that dleifﬁ:
solution of this mineral under natural conditions nece551tated
the presence-of protozoa ‘and fung1 ‘These organisms-were all’

active under‘condltlons of copper concentratlon which would nor-jf
mally be lethal o ,

Samples of ‘manganese nodules colI“te
the Atlantic-Occan (as a_guest of a Lt » ‘
studied to determine the nature of poes1b1 _bacter1a1 transfor—
matlons. A prellmlnary Scheme actiV1ty was” determ1ned

charééher1st”cskfor app11cation to the power source studies
under MKULTRA # 78.

Durlng the present year me thods for mass culture of min-
eral oxidizers have been developed which will furnish cell
material for enzymatic and resting cell studies.. .Continued =
work on manganese: transformatlons is emphaclzing‘env1ron men=_ -
tal effects, .
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s : L N REVISED

5 September 19863

Date

Branch B3 Category. NEW MATERTALS & COXCEPTS ( Xy

: : (formerly IVe)

Microbial transfor-——
;ﬁ@ea'mﬂewmatiops of Minerals  Tiem Classification Unclass ified (Reparts)”
Project Crypto; MKULTRA 133  _ Crypto Classification— Unclassified =
Branch Project No._ N,A, _ Project Enginee*aé
Contractor_. —
Contract No... N.A. - o Task NG N.A, B
Type of Contract. ____ MXULTRA . Date initiated. 12 July 1963
Cost.. _$9,360 00 - _ Combpletion D Daéq ; Continuing

Purpose:  To provide -the se “nces ol" _and_ to support ve-
search ou fundamental i SIS nineral transformation
iy mlcx*oorganlbns.::I,,,,,, dition to the direct notential for
new cnergy. source systems, tne contract nay Drovmo by -

|34

c
products. Lseful for material Jeterioration application,

tatus: Current and satisfactory.
Requirement: Internally generated in support of tho rcg

uirexnonts Lo
Iy LRy

seek new and better sources of energy for patiery nlication,
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No. 0 0, dated 23 August_ 1963

RECEIPT

""N\JW

A

Recelpt 'is-hereby acknowledged of 3

d 2 1963

pa yable to C5EH
the amountmof $9 000,00,

the amount O ”-36OTOQ;;L;WWNQii:W:

Rece1pt is hereby _ acknowledged of
971, d

123-245
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|'chief

| CERTIY THAT FUNDS ARE

;2

$9,360.00 " "

4)25-1390-3902

Sef. TSD/RD




o 'na'res»mwvss/

-~

Branch BB ___Category—New Materiels & Concepts . S— S Sl

! mcrobial;tre.nafgmugng o

Project Title_oOf Miperals — . Item Classification ”;Uml&“},ﬁefﬂ‘-ﬁg-‘ '

- Project prﬁmf&%'cfymgmiﬁcw@ — U“?&:’“md'— | i
Branch Projet:t No.. , N.A. A’ —
Contractor .

| é_)ontract No i NA " _ Task No—— .4, —_ S _ .___.

Type of Contract_ MKULTRA " Date Initiated_—__32 July 1963 .

P 90000 .
Cot__ 49,8060 completion Date.__. Contimuing.

Purpose: To provide the services of § B and to support research on—

fundemental mechanisms of ® " transformatidn by microorgenisms. — -

In addition to the direct potential for nev energy source systems,
the contract may provide by-products useful for material deterforation
application. = S

Status: - Current arid;a;&,imrxg.,m; T

REQUIREMENT SOURCE:  Internslly generated in support of the requirements to

seek nev and bettsr sources of energy for battery spplication.

[

sy p v wne e e T T = ¥ e " - - -
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DRAFT e ':""' -
29 July 1963

MEMORANDUM FOR ¢~ TEE RECORD

SUBJECT . Continuation of MKULTRA, Subproject #133———

9

1. The purpose of MULTRA, Subproject 133 13-to enable TSD/BB to

R

utilize tte services o ¢ -

“materials vhich 1énd

themselves-to new and unique approaches to energy proliuc,ti,on; @Q,i:raﬁg: L

to provide data end

inues

B cont

formation (blo-batteries). His studies on basic mechenisas of mimersl

tra.nsformé.tionsalscrprovidc? new potential paths gforfdeie,rioration'of o

metals.

Le RSN ERRYS 111 function s M

@ and “};i@@m@mg fiscal year. The cost of this program for ope

year will be $9,000.00 to vhich mist beaaded$3@.00wh1ch represents &
N The total cost of the

b4 service-charge to be retained by the ,.
progran will not exceed $9,360.007 "Charges should be made against Allot-

ment No. 4125-1390-3902.
b. It is not anticipated that permanent equipment other than-that - -

listed in the budget will be required for thig prograa. Title to the —
equipment listedwillberetamedbythe'& in lieu of higher over=-

head rates. G e e
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5. Dogumen;amng counting for travel expénses which are re-

ALtaChment s s s f

Proposal T — - *;

pistribution: o e
Originsl coly —




N

for renewal of Wi

for the period =

_ I September 1963 = 31 August 1964 !

Submitted on behalf of

April 1963




PURPOSE OF STUDY

This proposal is a request’for renewal for the perio@ l,Sep:embgi,QQQSg”"ﬂ'””'”'”“

spent in unraveling the. problem, The results ¢ of the research ¢arry increasing sig-
nificence not alone acadéﬁicslly’but also pfﬁétlcal17;7§§7infpublic health, consers

vation of mineral rosour;cs, nineral exploration, and mineral. “extraction, In public

of acid ferruginou;, and/or acid cupriferous, and/or acid arsenical -stream pollu=

tion, deriving from bacterial action on natural mineral deposits in certain geo-

graphical locations},—With continued population increase, maintenance. of all water
resources in a condition fit for human consumption”becomes, more and more important,
The work is also providiﬁﬁ‘ﬁddifi6ﬂelwsl@éSf!Q,Fﬁ?;ﬂndétstandingiéf'@éhgghéﬁé'b;é;ﬁﬂ”*

chemistry in publié;water supplies, Whé?é‘ﬁéﬁEﬁﬁéSé’togetﬁer;ﬂithAiIQn,Sén ceuse

discoloration of witer and water containers, and where menganese end iron are de- -

posited biologically in water mains and pipes, In the area -of conservation of

mineral resources, the work under ,f}“,f'f;}:provides 8 basis for assessing and con-

trolling any relative instability of mineral deposits in relation to microbes, It

scems evident that uncontrolled baCteiial”léﬁéhing'could ‘conceivably lcad to de-"'”"'**"

pletion and eventual Complete transloéation of some depositsy In mineral ésnlora.

tion, this work indicatos that special groups of microorganisms known to be able to

live at the expense of a specific mineral may be of great: assistance in-discovering =

gew sites of minoral deposits, Finally, this work lends additional support to the

practice of using microbes in mineral extractions
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SUMMARY OF WORK ACCOMPLISHED UNDER THE 1962-63 (i@ Froniilsiuimy

(a) Microbial Action on Mineral Sﬁlf;ﬁgg);j,' e
Quantitative studies on the action of the }h}bb%cillusaFeffqbaéi11U§ff“7W e
group of bacteria on the minerals orpigg§§;§§§;§él£:§f§§ﬁ6§yrite;(FéSZFél?;), and -

enargite (3Cu,$As,S,), were initiated, The bacteria achieved significant solubili.

zation of orpiment,éreleasing_g;ggn;gmgg;a;ggg;;e and arseriate, Oxidation of the ==
sulfur portion of otpiment is probsble, bUt Temains to bo experimentally verified,
Some spontaneous, nonblological oxidation of orpiment occurred, but it was only

about one-third as extensive as with bacterid, The chemistry of bactetial,oxidatibn,

of orpiment appearséto,differvsighificantli*ffdh’n6n61616§;caltoxidéfiéhféSﬁiélect:,,M o

ed by pH changes duiingjthé’pgggesses. With bacteria the pH fell from 3.5 to 2,0

in thirty-five daysp;bug_gigbgg;;b§§§§j§awig“f§§é;frbm'3,5gto"S;O’in"thét time, The
precise chemical meEhanisa;bf;orpjmen;foxidﬁiiéﬁftgﬁéiﬁs”tO'be_worked’out;,mmww,,,M,ﬁ,, o
Quantitative work on bacterial oxidation of arsenopyrite showed release

of iron, arsenic, ahd,probably sulfur, from the mineral, Most of the analyses in

results have shown that, contrary to a sustained release of soluble arsenic from

orpiment by bacteria, only a limited amount of soluble arsenic,was;relééiédgbygggggLif;;jif

from srsenopyrite, : This happened in spite of a pronounced.release of iron, The

reason for limited release of soluble arsenic by bacteria from arsenopyrite is the

precipitation of iron-arsenites and arsenates after a critical-concentration of —

soluble iron and arsenite and arsenate has been reached, Although some oxidation
of arsenopyrite occurred in the absence of bacteria, its extent was less and its

chemistry different, because iron arsenates and arsenites were not precipitated

days with bacteria and vose from 3.5 to 4,0 in that time without bacteria, .




The extensive reprécipitation,of iron-and arsenic through bacterial action has .~

direct 1mplxcat10ns with respect to possible trenslocation of the constituents of

arsenopyrites in nature, The bacterial phenomenon also poses a problem when arsenic

and iron are to be,extrac;gdgxogethéi'ffﬁﬁ'awhétural'miﬁéfalfdeposit,:,, ,

Quantitgtivegﬁork;on;bilggriElfaiidation of enargite has given results

resembling those with_arsgnopyrite; “Although the bacteria are_evidently acting on

the mineral, a sustalned solubilization of the component arsenic isnot noted,

Indeed, in the presence;gf bacteria the dissolved arsenic concentration drops after

an initial rise, In “the absence of bacteria the arsenic concentration rises*slight- -

not Hithout then, ;The,releasgggizgnggppears to remain 1n_the ferrous state, The

pH changes are from-3,5-to 2,5 with bacteria, and from 3.5 to 4,5 without bacteria,
in thirty-six days. A precise description of the chemical changes that enargite —

undergoes remains to be worked out,

Growth on cuprous sulfide by the Thiobacillus- Ferrcbacillus group, e

vestigated chiefly by s graduate student, is shawing'variable’féspgg§g§wgqnggfgrgngf

synthetic preparations. -Bactexrial enrichment Ct cultures derived. from ‘several mine

effluents during the past year have, howover, given more consistent growth responses

on these preparations;“*The possibility arises that consistent action on cuprous

sulfide requires the participation of more than one “orgenism, — In this connection,

the principal investigator found protozca and fungi accompanying the Thicbacillus-

Ferrobacillus group of bacteria in mine water from‘\x The profo-

z0a included on amocba and a flagellate, which ‘appoared to grow at the expensc of

the bacteria and fungi. ~The amoeba werc observed to ingest such organisms, B

B




\ ?:5 -2%)

Both kinds of protozoa are unusual in their tolerance of 800 ppm copper and upwards

of 2000 ppn iron, Ordinarily these metal concentrations would be expectéd to be

lethal, The flagellate has been repeatedly subcultured in pn iron=salts medium in

nixed culture with the Thiobacillus-Ferrobacillus group of bacteria,

(b) Mangane ese Nodules -

During three cruises in the A;'antxc ‘Ocean in June, July, and August,

1962, as guest of tho (NN hthirty-four manganifer~

ous samples and twentysfour cores of bottom deposits were taken. About two-thirds

of the manganiférouﬁ*sampléé;hate;nou,béen;tes;ed_fgi;jhéir bacterial content and

for the ability of these bacteria” 1n"aid1ng manganese addition_to the respective

samples, as previously described by: ~ Most of these-samples were also ana«

lyzed for total iron and manganese content, The results showed that the various— =

manganiferous samples were by no means alike. In some ceses this was obvious by .
visual ifspection, In-other cases, however, the differences were not macroscopically ~—

apparent, Instead, the irbﬁlmaﬁéanésefeontent, or the bacterial content, or the Mn

adsorptive power of the samples, showed diffcrences, Results of experiments, de-

signed to test for the enhancement of Mn adsorption by manganiferous material with =~ =

the help of the native*bacterial;flora;,could:béfdiiidéd’iﬁto four major categorles, _

In one, bacterial enhancement of Mn_adsorption occurred with or without prior

surface—sterxlxzatxon; —In"a second, it occurred only thh,surface,sterilizatioh,;;;;;;;;'

end in a third only without it. Ina fourtﬁ}ﬁbacteriéi‘éﬁﬁancement df'Mn"adédfptidh”

was not noted under either condition, Since not all bacteria from Mn nodules can
enhance Mn adsorption; inclusion of surface-sterilization in the procedure camnses .
selection of different types of organisms from the nodule flora than omission of =
surface-sterilization, However, the full explanation for the variability of bacte.

rial enhencement of Mn adsorption is more complicated then that, With a number of
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saples it was “°ted—th°th“-UPtak9,b?:ﬁéﬁﬁéﬁifé?ﬁﬁslmafefial,rg;ulggd'1n anet 1oss

of manganese from the adsorber, The reaction accounting for this pheénomenon is the

result of a dismutation between Mn2* and Mn0, and will be discussed further below. . .

This reaction was e_xhibited by about one-sixth of | ghei::s'amples,,tested,and shows that

the properties of these samples are different from the rest. .1t can therefore be

concluded that chemical and physical pgperties of manganiferous meterials help to

determine the effectiveness of bacteria in enhancing Mn adsorption, Moreover, since

all but one of the samples of the 1962 collection came frcm extinct submarine volca- —

A clue to the nature of nmonblological Mn release from manganiferous

samples is provided by an experiment which shows a dismutation reaction botween Mn2*

and Mn0, forming mﬁéﬁéaﬂeiadsom Mn2*, on the condition that Mn3* is

stabilized so as to prevent it from undergoing the ;ﬁgg@'—reaction'."i‘;,PYi‘bPhEEPhate

was found to be an effective stabilizer. Sinco pyrophosphate dces not occurina

marine environment, protein or amino acids may serve instead as stsbilizors, Nodule

breakdown can thus be accomplished biologically with sugar -as the reducing agent of =

Mn0, ,¢ or nonbiolagically by & dismtation reaction between M2+ and Mn0,,  Why the

latter reaction occurs with only some nodules, even though all have Mn0, and adsord
Mi2*, remains to be explained, |

The ability of Arthrobactcr to aid in Mn addition to nodular substance

was shown in pure culture experiments, From similar tests it could be concluded =

that Vibrio can similarly aid in Mn addition, but not Ach‘:omobactgr.;A!}jﬁsbrge, S

organisms have been found in nodules, Arthrobacter, at hgighfﬁézitdrj\fe*"c,oricent,r'ations,
causes clumping and heaping of nodular matorial; not so at low peptone concentras

tions. A similar phenomenon has been noted in soil , The clumping and heaping




seems to reduce surface ares, and therefore slows adsorption of Mn, = = . Tl

Initial experiments have revealed that Arthrobacter can aid inMygd- :7,7,‘3

sorption by “"synthetic" Mn0,. However, the adsorption and incorporation process of
> sorptil P -

Ma2* is not permancat, The previcusly cited dismutation reaction seems to come into

play eventually, prébably when the bacteria become physiologically inactive at the . =
end of their growth cycle. "SyTth?ti&"WﬁO?is a much poorer adsorbent than nodule = =

material, It is postulated that the iron in nodule material helps to stebilize the =

manganese in it and, for as yet unknown reasons, increases :its adsorpiive power,

The core samples of bottom deposits, collected last sumer, were examined —

by enrichment for bacterial content, The distribution of ‘bacteria in these cores =

was not uniform, nor were the bacteria necessarily of the same kind at different

depths in the same core;— These findings are similar to those cited by 2o Bell*.,

Work is presontly under way to test the ability of the core.samples to adsorbMn

with gnd without bacterial growth, Differences in Mn adsorptive capacity seem to

exist among cores on—the basis of tests so far, Such differences, if "corroborated

by further tests, must reflect upon Mn distribution in the sea and upon nodule dise

tribution and structure.,

REFERENCES
1. de Grys, Ann, Econ, Geol. 57: 1031-1044 (1962),

3, Martin, J.P,, and S.A, Waksman. Soil Sclence 507 29-47 (1940),

4, Zo Bell, C.E, MARINE MICROBIOLOGY, Chronica Botanica Co., Publ. 1946, p. 91. S
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PROGRAM OF FUTURE WORK~  — —— =~ —— — ——— 7=

(a) Mineral Sulfides -~

Although it 1s the intention to continue testing other mineral sulfides =

for susceptibility to_attack by the Thiobacillus.Ferrobacillus proup, special atten- _

tion will be paid to the details of bacterial action on orpiment, arsenopyrite, and
enargite, Quantitative methods have to be developed for determining the proportions
of various forms of a given element dissolved and reprecipitated after bacterial ~— =~ =

action, Such information should provide clues to the mechanism of ction by the .~

bacteria. The detailed information on the fate of arsenopyrite and enarpgite, when

available, will provide information concerning the effoct of eide reacticns on the
overall process of bacterial mineral oxidation, Ultimately, it is hoped to develop .
methods of mass culture of a desired organism on a particular mineral to get enough

cell material for resting cell studies and cnzymatic investigations.

(b) Manganese Nodules

Two aims iilLbe,followed,expgrimentafi)?;in,t,higfworkt’ One is the further ==

elucidation of envircnmental Telationships to the process of nodule development or

degradation, The sec¢ond is the elucidation of the blochemical mechanism whereby Mn
is added to, or roleased from, manganese nodules by bacteria., To attain the first

aim, samples from various known scurces will be studied in respect to physical,

chomical, and biological properties, and asttempts will be made t¢ ¢orrelate the res

sults with geographie-location, _In stud?ing,jﬁhé,manpangsg fixing capacity of bottom
muds, possible correlation with nodule development will be soupht, To attain the
second alm, further studies with purified cultures from nodules will'be made on =~~~

nodule material and on synthetic MriO;;tol compare and contrast behavior. Since pre-

vious exporiments have already shown a difference in action by bacteria betwcen
nodule material and Mno,, 2 condition is provided to compare the effect of iron on .

the two systems. It is planned to develop more specifi¢ assay procedures for
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differentiating the various oxidation states of Mn and thereby to follow the exact =
fate of adsorbed or desorbed Mn, and to establish more clearly the role bacteria

play in this process, ~The ultimate goal is to study the bacterisl action on manpa- =~

PUBLICATIONS ARISING OUT OF_THE WORK UNDER THIS THMESSRFFOR 196263 .

nese on an enzymic level.—— S

(5) It is enticipated that a paper will be written for-submission to Appl. o
— - -Microbiol. on the work with manganese nodules di¥ing the last year.

PERSONNEL FOR 106364 =
Principal Investigator: (¢ SyiiRSINRIEUENE Associate Professor of
- Biology v
Technician: C (RO
Graduate Stud:en't:,,‘ O/ T
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1/8 time-academicyear—— 19 YN B
1/4 tire-sumrer months . 78 - $L,%0 T

Technician-full time — 7 : R - T Coo

Consumsble Supplies =~~~ <"~ - . : -

Chemicals | o T§d00—
Glassware 7 - B it —:-3-5‘['"‘\-‘ir'.{.‘:',v?‘f“‘f‘—;v‘"ix‘ﬁ‘:":!:'i" 200 LR P EE N LEP R RN e 670077 , e ,,V, “7

Permanent Equisment—

Teavel and Communication === —— = — == "~

To scientific meetings——— e S R
Telephone : N 5 285

Publication of Reports—— . I 200
' Total Direct Cost——— = -$7,89% -

Indirect Cost -

14% of Total Direct Cost s 1,105

CTOTAL T T T §9,000
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MEMORANDUM FOR: THE RECORD

SUBJEGCT . Continuation of MKULTRA, Subproject 133

1. The purpose of MKULTRA, Subproject 1 33is to enable TSD/BB

to utilize the services of NN RENEIn L 6

2. During the first year of the program e

significant:contrib’utwns to the a all tmty knowledge “of the mechanisms

_of mineral transfo 1" nations. A'fech’ﬁiéal*dimi'én of these accomplishments

is attached hereto, with an outline of proposed work for the coming year.

It is possible that these invesiigations may well lead to new approaches

for energy transfer systems (bio-batteries) and deterioration of metals: =~

be furnished by theSuaml The cost of -

this progrﬁam;for,theiggcénd’Yé’a’if will be $9, 000. 00 to_which must be added

$360.00 which represents a 4% service charge to be retained by themi@

The total cost of the program; therefore, will not exceed $9, 360,00, Charges

should be made against Allotment No.~ 3125-1390-3902, — - —
4. It is not anticipated that permanent equipment other than that

listed in the budget will be required for this prog_raxn;““Title to the
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g
eQuiP‘mef'nt‘ ligted wiwnll be Wr»e;fain-ed by th lieu of higher L
overhead catesi— —
5. D,ocumen,t,ation and accomnting for travel expenses which
7 3[111 conformto

TSDI BIOLOGICAL BRANCH

APPROVED FOR OBLIGATION OF FUNDS:

ACJTSD

DATE:

Attached:
Budget
Project Summary and Proposal

Distributioni— -
Original only




e

“Atteaticn:

Subject:

- Please find enc
posal submitted on

Tﬁe,§£6§0531:i§fﬁ66’being submitted elsewhere for———
possible support, o oot

Your consideration of our proposal will be-appre- :- - =~ -~ =~

ciated and we-look forward to hearing from youy

Eanclosure
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Submitted on_behalf of

i

Associate Professor of Bio
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Purpose of Study: .

The purpose of this proposal is a request for financial support _

to continue ‘an-investigation of microbial action on marine manganese —

nodules and terrigenoug mineral sulfides, which the primcipal investi- =

gator has been*pursuiﬁ§:§iﬁEé;19587"Vgry;;§;gn§;yg,work;on;these

materials is being carried on by him, wiEH‘foit{g}rresults; during <

s Since relatively

1ittle is kdown about microbial mineral transformation, and in view of

current acadéﬁlc,and,pggc;ical:lﬁlgig§§:§£;91§i§h;§logis;s,'geolqgists,‘

nining engiﬁeers;*soil*Sétéﬁfl§ts, oceanographers, etc,,; In-the subject,

this research-should make a valuable contribution to science, ———— — o~

Summary of Past. Work:

a. Baéteriqlogy:ggjﬁiﬁé?él‘iﬁlfiggé;:;;’4;

Attempts were made to evaluate the microbial flora isolable from
unsterilized, c¢rushed sulfide minerals by enrichment in mineral solution,
The followiﬁg’miﬁéf&l§‘ﬁéf€m9tﬁdiédi“”élabéhdité}"arsenopyti;e;fbgrnite, e
chalcocite,échalcopyfite;,cinnabar, cobaltite, covellite, enargite, galena,
marcasite, orpiment, pyrite, pyrrhotite, realgar, and sphéléiiféifﬁOf,theséw,,,,,,,
minerals, oﬁly‘cobaltitéj”éﬁifgité;”galena, pyrite; pyrrhotite, realgar, -
and sphalerite yielded microorganisms. For the most part these organisms -
were heterotrophic and probably represented contaminants. However, -

Hyphomicrobium, isolated from realgar, a pink yeast repeatedly isolated —— ——~ ——
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from sphalerite, and Arthrobicter, 1solated from cobaltite, galena,

pyrrhotite, realgar, “and sphalerite may constitute part of a normal ~—~ ~—— T

flora., The action of any_of these organisms with respect to the mineral

with which they were found associated remains to bé establizhed,

After surface-sterilization, some of the above mineral sulfides,

when enriched in mineral solution, have yielded fron-oxidizing auto-"

trophs. Theée*miﬁé?é1§*inétﬁdé:éfsenopyrife,"byrite, pyrrhotite, chal- =~

copyrite, enatgite, ga1ena marcasite, and sphalerite; At 1le3st some of

the isolated bacterial strains are not restricted tc a diet of iron for

energy, but ?anfuse:sulfgr;gx; probably, some other oxldizable metals,

The ability:fBLgfow”bn'ény;bf the above sulfidé minerals was tested -

by {noculating surface-sterile sa ples in oxidizing columns with Fetxo-—"— "~~~

bacillus ferrooxidans;randjattempting”to técover the organism from efflusnt

feeding solutionggyer a_period of two months or ‘more, - So-far, positive

results have been—obtainéd with arsenopyrite, enargite, chalcopyrite, = =

marcasite, gaiena, pyrite, pyrrhotite, and sphalerite. ~Negative results

cite, and oxfe sample of galena, Cinnabar, ofpiment; and realgar are being

currently investigated._v,w;;

on the rates of?EiidétidﬁiﬁfLE§§;§§}1§;Q@§$;§§§;§§§§ra1iarSenopytite”are’ T

udies it has become ¢lear that

presently being undertaken. From these studie

synthetic Cuj$ ean be oxidized at least 4x as fast by bacterfa thanby — =

autoxidattod, and that arsenopyrite can be more rapidly oxidized by .. ___ .. .

bacteria than-by-autoxidation, Results with the latter material are not .

yet sufficient to establish an exact rate comparison. The precise mech~———
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anism of bacterial oxidation remains to be established. _The work with ~— — ~— =

synthetic Cu,S proves, what some other workers seem to doubt, that F,

ferrooxidans can oxidize metals other than iron,

b, Manganese Nodules - T

Oceanographers have felt pretty strongly in the past that the origin

and deyelopment,offﬁiﬁﬁiﬁésginédﬁlesfiﬁ‘fhg;Bbeéﬁé”;s;attttbﬁtableu;o

purely physieocheﬁtéil;ﬁ;ggébsg§;iiﬂoweve§ii? ?'

suggestion, the principal investigator attempted to find out if bacteria — R

might play a role in this:~ He found that bacteria were indeed present G

in the nodularfsubstance,afféfigyrfac;:gﬁéiﬁ}igag}gg‘*(a rough-estimate at~

Bacillus, BgévibacteriﬁhéiSE;@E?Iococcps!¥v1b;;§, an unidentified vod, and

an uaidentified ‘¢occus;™ The principal investigator:showed in quantitative -~ =

experiments that nodular substance can adsorb manganous ion from sea water,

and that this adscrptionwi8f§§§§1gr§;gg:bji§§¢§§fi3fEhét,8fQH:fFQ@,Ch%,;,;r

nodular mﬁtétial-iiTthéCEéleration of‘ﬁéﬁgﬁﬁaﬁéf1on*adsorpt1°n;13«expjginfi:;4m4mﬁ

able on the basisthat the bacteria oxidize the adsérbed manganese, which -
facilitates Further adsorption of manganous manganese,— The acceleration .

requires the presence of peptone, to permit bacterial development, If "~

peptone and glucose are present, mangariese {s released from the nodular T
substance rather than adsorbed, at _least in a net effeét.  Since some

nodules were apparently initiated around shark's teeth, ear bonmes of whales,

punice, etcé, in the sea, attempts were made to see if oyster shells can

adsorb manginous manganese and thus serve as possible foci of nodules.



) , I —— | :f.- .ltésrggfsv,
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It was found that they do adsorb it and that peptong did not stimulate this

adsorption (no bacterfa were presentl). A&s far as a_survey of the lierature .

has gone, these observations with respect toimangangse;nodulethgggwgggh_hwfywﬂﬂ

been reported beforer — T o

Pertinent 11terature'”i; Lo

The early literature dealing with microbial action ‘on minerals has

been covered by Alexander (1), A review by Lyaltkova summarizes much of

the past important work on Thiobacillus fexrooxidans- and- Ferrobacillus

ferrooxidané:(Z);ff;Anﬁintimate association o?*irogaoxidizing autotrophs — -

with natural mineral sulfides has been indicated by the -work of

and Stepénov on ‘the-one-hand;and

about a mechanism of miﬂerat*sulfide oxidation of chalcopyrite, molybdenite,;'; o

chalcocitey and;éphalé?ite;jgifitﬁgtanpg,fVNd‘p?éV16ﬁ§“studié§’6nlbacteria”’“

in manganeée,nodulesﬁhégﬁbeen_feported. ‘However, bacterial manganese oxi-

dation and reduction by soil bacteria has been known for some-time, An—

important quantitative study on 1§f§§7§631e bacterial manganese metabolism

is that of ‘Mann and Quastel (9). ngsgpggtgggs*ofimanganese'nodules'are*given
by Murray iIO) and Dietz (11). A chemicalfaﬁd‘ﬁhgsical study of nodules —
.was made by Buser and Gruetter (12):f”The"findipgEof'Bfgﬁhic nitrogen in
nedules wa§ fitStfreported,by,Gféhéﬁ"(IB)uandrGtéham and Cooper (14); who .

also suggested a biological origin-of the nodules on-this basis,
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Proposed New Work: - -~ .~ .-~ - - . - =

Continuation of present lines of fnvestigat 1@;;

a. Mineral Sulftdest T S
_Continuation of survey of natural sulfide minetals for_
a normal flora, with particular emphasis*bn Iatge-scale
microbial action on minerals."' :

Characterization of isolates (physiological and morpho- =
logical),

5. "Examination of isolates for specific mineralizing activities,

4, Elucidation of biochenical mechanisms of miferal-trans- .
: formation, B .

b, Manganese Nodules:
1. Qualitative and quantitative bacteriological “comparisen 7
of manganese nodules” fro different oceans, —

2. Study of the biochemical mechanism of manganous*oxidgtion ”;;TW;7”,
and Mn0, reduction in the various bacteria isolated. =~ =~ =

3, _Deétermination of the mechanism of iion-incotporation into
manganese nodules,

procedures of: bacteriology, physiology, and biochemiStty-f,;W.W,,U””w,,;;jﬂ,,,

Personnel:

Prineipal Investigator: :(;{Qiifik{h-

Techaician:
Gtéduaté'ﬁtudent:,ﬁ,ﬁ,,

Underg ate student:
ndergraduate PN : :
research fellow) SRR (simmer 1962)

. (summer-1963) . . - . .
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Proposed Budget: -~ -

PERSONNEL
Principal Iavestigator oo T o
1/8 time-academic year , ' $ 1,050
1/4 time-summer mounths - R 700 T

Techniclan=full time ' -~ 43155

PERMANENT EQUIPHENT T

Fluorimeter oo ‘*:‘3—*%7{%; , e S 90

CONSUMABLE SUPPLIES ~— " =
Chemlcals S SR - $77300

Glasswape—— " To—rmrrmem e ez 340

TRAVEL
To scientific meetings — - - 250 -

OTHER EXPE;NSES,,,M,,,,;_ T T
Publication . = o omTTIrTTOTTT T ITETETT 7$7—~;180

Telephone —= - o . o : T ¢ D

200

Total Direct Cost . . $ 7,895

INDIRECT COST ™ T
@ 14% of Total Direct Cost - S 1,105

Total CosE $ 9,000
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of Minerals =

-

, Sub #133 Crypto Classxﬁcatlo —Unclassified _

Branch Project No.- N. A,

Gontract Now— NeAe——  Tagle No_ Nefi

Type of,Contrac;t MKULTRA = Date Imtiatedflz July 1 961#77” R

cost. __ $9000.00 "~ Gunoienon Date Contnuing o

Purpose: “To provxde ‘the services of (Sl S
fundamental mechamsma of mineral t:ans ormatmn by rmcroorgamsms. R
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Status: The first year of this project ig
a summary report has bee:

A ‘fraqt’or‘y',rirn,é'll réspects and
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14 August 1961

Gentlement

- Ve “lplealed to be able to trangmit to you the following
funds:

. Thne fund: ropresent & cqn!nbution for the use of your
‘directors in carrying out the very wortb,whilo re.earch geals

of your organization,

Youn tely,

Eaclosures (2}
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YiIA t TSD/Budget Officer

smEGT 1t MKULTRA, 5&#1’0]&&% 133, Involeo n e ~t

Allotment ms-n’eo-seaz R

L Involee Nes 1 covering the e.bove subpro}euct u ttuehcd. o
Payment -houldﬁ mda as followst - R

VaE

. ' z, “Pleass forward the chacks to Chlefy TSDIRouarch Branch,
— through 'I'SDIBudm Officer, no later | than 24 July 1961, '

e,
“

3. Thisis a fiaal fnvolce, However, since it {s antlcipated -
that additional funde w wm bc obligated Icr thh projcct, the files
should no& bo ¢losed.

"Chiel

- Attachedr 0 o S
!nwicoktcrtiﬁcsﬂonl B L

‘m'tﬂbﬁﬁm; o -
Orig & 2= Addressse

1=_TSD/FASS ~
2> TSD/RB

TSD/RER{}




(1)_; It 13 hereby éeruned that t.hia ia Invoice ES K v
- of MXULTRA, mat”ﬁerformence 1a eatlofsctory, that 3ervices are being

aeccxnp Tehed in accordance. with mutual agreezénts, that s detailed ‘agenda of -

‘the peyuents and receipte 1 n TSD/RB, thet this Dill 18 Just au

cormet aud thiat payment. thereof has not yet teen made.

(2) It'ia here‘by, tified .t vis involce applies t SubProJect-ul
of MKULTRA which wis duly approvcd, ‘gnd that ‘the pro} lect ia,~§e1ng : carried out
i “the {mgmrandum :co: 13 April 1953 from the DCI .

"~ Regearch DITector -
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The Record

MEMORANDUM. FOR?

SUBJECT :--Toitietion of MKULTRA, Subproject 133

1. The purpose. of 'MKULTRA, Subpro.ject. 133 1§ to enable TSD/RB o

to utilize ~the” servi.ces of

; ,ll conduct a program ‘of research on mineral

transforning microorganisms. 'I'he work will cqnsider:qoj:h,,egg,l;ggiggl

and physiological sspects of the provlem. Ways_mey alsobe-shown '

for groving £f66d from minerals prhotosynthetic process

because-some bacteria, slreedy known to attack certain minerals,

can chénge*carbon*'dibxidgf into organic matter with the epergy that

they darive from the oxidation of pinerals.

b sball function

as& and 4N

for this pro;ject; "‘he cost*of thig progrem for
the first year will b& $9,000.00 to vhich must be sdded $360.00 which

representra'% service charge to be retained by the § The
totel ccst ofThe program, 7t.herefore will not exceed- $9,360.00.

Chs.rges should be made ‘against Allotment No. 2125« 1390-3902.

4. It is not enticipated that any permenent equipment will be =

1

required for this program. ~— - = =

s . pocumentation and acepunting for travel expenses which are

reimbursabié;b? '
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Salaries :
Principal Investigator .= g $4,500.00 . ,
Assistant $4,000.00

'rte.ter’*:** e RCER T $ 200.00

Supplies — -~ , B $ 300.00

TOTAL $9,000.00
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A STUDY OF MINEHAL=TRANSFCRMING MICRCURGANISMS — -

Purpose? -

The oroJect _proposed herein 1s ﬂntended to vrovide

information on the- microblological participation. in mineral

transformation. . Only scanty kriowledge 1g avallable in

this field at the present time. The work will congider.

voth ecologlicel and ﬁhyé16I6510aI‘§§§§6t§?of the proodlem, — =

The findinga ahould be a valuable contrioution to funda-—— =

mental knowledge in microbiology, geology, and allied

fields. They ehould also be a valuaole contrivutlion

to practlcal knowledge 'n these areas because ways may

be shown to harness some of thiese microorganiems to do

ugeful workK for Man, &uch as alding in the conversion of — -

minerals of low economic value into substanceeg-of ‘high . .

economic Valﬁé;;;ﬁaySQmay”aI§§jpéf@h§ED:f°P4QPOWinS,fQQ@ o

h”t"éynthetic process;, oecause

from minera‘s Dy-_a _non-

some bacteria, alre2dy known rb”attaok’certaﬁnmmineralﬂ,T

can dharge-00p into orgsnic matter with the energy which —oommm

they derive from the oxidation of the minerale, (1),

Thie organic matter may then in turn serve as food for . =

other microbrganiéméjghiéﬁ‘ﬁéﬁ‘bé‘aéggfq;rectlyfOrr1n;mwa;;;;;;;;wwﬁ
irectly s £o0d-for Man. |
Frémipreiiﬁlﬁéfyiinvecti@ations oy the senlor.inves-. . .
tigator (2), it has become apparent thatl mineral-trang—_. ... . . ..
forming'miuroorganiéﬁé”éré;1nt1m&telj"&ésociated with

various types of minerals. The proposed recearch is. ..

designedffo follow up the leads from-thig earlier work ~— - -

to delineate clearly the envronmental and functional
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interrelationships between mineral habitate:-end the mieroor- —~

ganliesme

f?und_zhgigin.wwuéww,“;” R

Objectives: - . .. ...

a)

b)

¢c) A stﬁdyfpf;phéiﬁéchanismsbe"gppignfon“various.,rr

Plan of

a)

‘pure culture meéthods.

Tsolation of representative organiems=-by enrichment

and pure culture methods:

1, from ores and other minerals —

3. from solls-

A etudy—of the over-all chemical soSivity on =

varloaxs mineral sudatances by enrichment_cultures

and-pure cultures. The mlneral suobstances will

include——~ -~ ..~ .

1. natural=minerals =

2. synthetic minerals

mineral substances by microblal igolates.

Rezearch:

Ieolation of reoresentative cultures-by enrichment and

HicrobiaI‘éﬁ?féhméntsfwill%bb deriiedffrﬁmw,nwmwWmlff;;'
éruehed”ﬁ?esjﬁotﬁer;minéralféﬁbétances,aandfébllé’bY77”7';fjf
percolatihg’nﬁtrlent'sﬂIf‘?blut1bns¢through"percolét1bﬁ”*"'
solumns charged with these mateP1§1§?fiThe;gfilﬁsni;fi;:m;,f

tolutions will be subcultired in sopropriate selective .

medla, such ss-iron broth (3), aulfur oroth (4),

thlosulfate broth (&), nutrient broth, etec.
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Microblal enrichments will also De derived from.flask _
cul tures prepared by overlaying ¢rushed ore; other

ﬁineralueubglgncessgand’é01ls'with,afnutnieni_saltww‘“’

solution. Microbial enrichments of dralnage waters.

from mineral-deposits will be made oy inoculating =~~~

suitable volumes into the various selective medla

already-clted. Other- enrichment methods-may be used

pe they become approoriate. The ores and other =

mineral substances will be used before-and after

eurface—gterilization,

purecultures fromithe varicus:-enrichmente will —

oe-prepared by etresking on solidified inorganic and

organic media;-whenever possible. In"cases_wnere =~

neither highly purified agar or eilica gels work,

Attemots 2t establishling the taxonomic identity of

the=isolates-will be mzde.

b) A study of the over-all-chemical activity on vartous~ . -

minerél gubetances by enrichment cultures and pure cultures.,
The over-all—chemlcal activity will e studied with - - -

enrlchment cultires end pure cultures-acting on mineral

aubetances -or-Xnown-oompopition, - In these-e¢tudles, .

auelitative and ouantitative measurements will be made

on eubatrate decomposition, vroduet accumulstion, changes

of Coz, 02, ond organic matter, if any. ~A commarieson = ~




of activities  in enrichment cultures with activitles

in pure-cultures on_identical media w11l veveal whether

NN .:‘*\ P ‘%5‘36_,,, ,,

the cooperation of “moré than one micpoorganiem is -~ —

requiredfforma,given,transfgrmet;on;;;gg;;~

¢) A study of the-mechanisme of action on, various minersl T

cubstanceg-by micpohial Yeolates.

The_mechanism_of. action on various-mineral.substrates - .

by pure-cultures wiil be investigated by theuse-of . .

standard chemlcal, biochemlocal, and phyelological technloues. —

The exverimental apvroach willf1ﬁ61ﬁdefafquantitat1ve£anaIYSiS:f .

of the_action on pure mineral CompouUNndd,=oneoludle=forms . ...

of the-cations and anlone of ¥hich the=respective minerals

are ¢omoosedTfﬁhdfﬁﬁfxﬁé;;bzpre;iegll? possible intermediates

of metaboliem: Such information will bDe-required for the

formilation-6f a-echeme that woild explain the poseidle.

over-all=chemlcal reaction ooserved.

1. Silvermgn ?nd‘iundgren J. 5acteriolﬂw78 """ =326-(1959) "

3. Silverman and- Lundgren J“}actﬂrlol 27682 (1959).

L, MWANUAL-OF MICRO3IOLOGICAL METHUDS, McGraw- Hill 3800k —
Bo., Inec., New York, 1957, p. 114.
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Literature Review"”"wm””"'

A numoer of reports exlst in the literature about microorganiems

which seem:to be agsociated with processes of mineral -transformation.
In many 1netanoes, the functlon which these micéroorganieme play is
not known or has been misinterpreted. The following le ecdiscussion

of some revorts on micropbial action on minerale common in nature.

Sulfur:

An 1néoection'of;tné ?th edition of Bergey'!s Manual of

Determinative Bacteriology reveal that bacteria have'been”v"mfjffijj,

associatediin_ the past with exlfur oxidationse-and. reductione (1,2).

The Tniobacteriaceﬁgginglude members that have_oeen snhown to oxi-

dize varione forme of eulfur Hore reduced than eulfate, Tnese

organieme are &1l obligately or - facultat1vely*chgm680totroohic.,

Most are Rtrictly aéroblc, exceot for Thiobeciilus-denitrificans,

wnich 1e facultative.mvPh gsynthetic bacterila, belonging to vhe

6nlorobacteridceae and tne Thiorhodaceaé, have: been_ehown to use "~

inorganic gulfur compounds-otAer tnan sulfate as-reductants in

photosynthesis. More questionable is the aggoclation of nigher

bacteria, tne;Begglatéaceae“and'Aéhfdﬁ&tﬁdeae;*witn*sulfﬂf‘élidat1on.

Their ascociation witn sulfur ig largely based-on- tne ovservaetion

of intracellnlar dépositton of sulfur granules. —Faust and Wolte

have reoently;Shown;tngj‘Bé§§1§§6§;§lba g activity on sulfur 1s

restrlcte&,iffnoﬁ‘ﬁbgﬁnj;"at'1€§§t‘1hflaboratory,culturs:(3)3"H-
The nabluvats of-_all_tnese pacteria seem vo.oe eoll, fresn &and. . .
marine waters, and sulfur deposits (4). In at least.one. e -ingtance,

e o

a sulfur oxidlzer nas oeen igolated from coprolite rock

(fossll dung) of tne Trlassic veriod (1). A fairly recent review

of the eulfur bacteria 1s contained in (5),—

Sulfuir reduction has been most extensively studled in
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the Spiriliaceae. Members of thls genus reduce sulfates, =~
\ P i

thiosulfates, sulfites, etc. to nhyarogen sulflde under anaerobic

conditlone} ‘Tﬁéjhabltats oi theese bacterisa include so0il, sewage,

water,oil-bearing strata, etc. Uptodate discuesions or the —

phyelology or thege bacteria are contained in (6,7).

Iron compoundg:— oo oo

The interaction or bscteria with iron compounds was observed

ag early as 1888 (8). 1In tnis work, a gheathed bacterium,

ggptothgix,:was*observgd?t6;d§§6§1tﬁferricfhygtg;igﬁj;ﬁ;éjsA§h?§§@[;ﬂ7,

It Wa%belleved,that,ﬁhe organism was chemoautotrophic, getting 1ts
energy.foﬁ*carbonidIEXlQE;gggiﬁllgp19@mggdm;the;oxidajidﬁfﬁi”féffégs,Wj

ioon, Hoﬁevenjitneﬂcnemoautotrophlc nature-or_this organiem and

many other iron baoterla has not been satisfactorily proven in

the 11gnn;of:Bﬁh;pigBent,undéﬁstéﬁﬁéﬁgiéf,9hem°ﬁu19329pﬂyi;;Atfffff’

present 1% seeme more 11kely tnat the sheathed bscteria (Chlamydo-

bacteriaceae;*0f€ﬁ6fﬁtIbgp@ag)»@ﬁp@s1tff§?rid;hydf6i;deffrom

ferruglnogs;vaters,lﬁ’thei?‘éhéﬁthg;g}ﬁhggt;mejabollgjmgdiﬁtlQBl,,Whgg

The ssme kind of ferric hydroxide deposition is belleved to take =
place in thehcaSﬁmgifthéfStalﬁéﬁfb§§P9r¥€f(CﬂulobECteriaceae)-
In their casze, too,,1tf1§i§tf§fé§§ntvqge§21onedehéther*chemoauto-

troohy acconnts for the ferric hydroxide depoelpiﬂn.;mfhe;gnﬁ;,

exception inuthisiiﬁétéﬁéé”ﬁay'be*GéllIBﬁéllafféﬁfug%qgaf(9)g:ff;',;j

Among encapsulatéd bacteria {(Siderocapsacese), tne majorivy

of the bscterlia geem to deéposit ferric hydroxide in thelr capsules

or outer;celléaurfgﬁééfby non-chempautqpyophic,means:f”Only the

strictly cnemoautotroohic means, at a very acld pH (10).- -Thie =~ =

genus 1s:probab1y related to the Thiobacteriaceae (1). The
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reported habitat for all these bacteria is iron-bearing water,

Certaln lron ores aleo seem to contaln them;(11). '
Varioue common bacteria are able to precipitate iron from = =
organic ealt _ecombination (12). Such genera:as-Escherichia,

Aerobacter, Pseudomonae, Bscillus, € etc.‘afé%ableftgibrlng this T

about by digesting away Ehe organic portlon of the- galt. Actlno-

nycetes or tne-genera Nocardia and Streptomyces-can algo CArry

out such activity.

Ferrié-iron reduction may be promoted directly or indirectly

by microbial-agenta._ Tﬁéfindiféétfeffééf’ls;pngbgblyftﬁé*ﬁﬁre” o

common, taXing place in a reducing environment at acid pH___

created by varlous bacteria. However, Baciliug ciroulans can

reduce feripic. iron tnrough direct metabollc interaction (13).

Iron sulfides may be precipitated through tne-formation of -~

hydrogen eilfide by sulfate reducers or by releasge or hydrogen — -

sulfide from”organicisnltﬁf“§§ﬁpbup§§ipy"yariousgcgmmonwbacteriaiw”W’

Manganege compounds:
depositdon - T
Hanganese/ha# opeen aesociated with many oI the 8lderocapsaceae

which are alao assoclated with iron depogition. . In general, evidence

s lacking for metabollc dependence of this manganese preclpitation

(1,2), although Beijerinck F@ﬁé?téd”16ﬁg“539fth§tﬂsgm§;ﬁfﬁf o

oacteria and fungl from €oil” _could oxidipe manganese- ‘anlfate or

manganese ‘carbonate (heterotroohically) {14%,15). -Some bacteria

this compound can act as an el?étrppﬁ&@&eptoru1n~p1acevof oxygen.,

Quastel and Scholefield (16) reported on such & process. . Chemo--

autourOphicﬂmanganeeﬁ;gxidatiQnmhagfbééﬁ;reported,inPfﬁve(l?)fffW“*
and by Sartory and Meyer (18), but confirmation or unece observations

18 required, —— T
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Copper comoounds: ) !
Transformation of copper compounds nas been reported by — = .

Ciferri and Scaramuzzl (19), Hurwitz (20), and Bryner and — ~ — "~

Jamegson (21).. .0Only¥ in the lagt or these tnree.reporte does .

evidence exist that enzymatic action on copper compounds_1s

involved; Kn,tact,;the bacteria in that report are deserived o
ag enemoautotrophs;alIIEﬂiIﬁ:LﬁQ:Qa&mQ&Q&Qtrophch1fon;ox1d12€f§. o

In tne flfst;twe,reporja, metabolic endsproducts are held -~ =

responeible for tne-transformation of insoluble copper compounds.

‘Molybdenum compouandg?

An orgenism related to tne cnemoautotrophic iron-oxidizers

has veen discovered to be aple to oxidlze the.-mineral molybdenite

(MoS»2) (22)._ The products or its action on this-mineral-are ... . . .
gulfate and molybdlc acid. Notning furtner seems to be known
about thls%tr&n&ﬁéﬁﬁgtléﬁ}WWWb'W”'"”

5111gates%

Bacii;uszgilxggég

“has been reported to. releage potassium

from & poind etate _in aluminum eilicates wnen tne organigm is

growing in-a potassium deficlent environment (23).. Aspergiliug

niger hasEalso#been"reporiedAtquQggmpggggplay;minerale to
gatisfy its=potassium requirements (24). Acdd formation and its

subsequengzaction,onAtnewmineralgiﬁibhablyéaGCOuntstrorwnne:pO?”Tt”ii?’

tazsium release,  The aclas may include carbonle, organic,

nitric, and sulfuric acids.

Conclusion:

This literature review is intended to bring out tne fact —
that microorzanksme may bring ahout mineral transformation in.
twvo ways}: by direct enzymatic inveraction, usually causing oxidation

or reduction; or by indirect action through tne production of

environmeatal conditione wnicn promote transformations through
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the production or environmental conaltiong wnich promote . .

transformations through chemical reactions or a purely T

non-biological nature. It 1s the first type or transtormation ..

which will pe-evressed in thne proposed Worky TN T LT

In spite-or the impression tnat certain problems or

micropial mineral- transfcrmation have been:regolved, more.

extensivefinspection,of,tne”pentinent literature reveals

contradictione..Theee examples bearing onjtne problem oi hdcrobial

action in mlneral anl1fide transformation will be c¢ited féfrillus-,ff”f'

tration.,

Leathen et al, (25) claimed that 8hey:ocould observe

Both these-minerals have the came composttion (FeSp). Tney attri-

buted talé-aitference in action or the bamteria to a dirference
An crystal structure beuvween | marcasite and: pyrive, Yet, 3ryner

et al, (21),aan{:7ff?";;'?g coula ootain growth on pyrite

by F. ferrooxidans or a clogely related organiem.

A segond unregolved problem concérng tne-oxidation of

molybdenite (21).. In vhis work, an orgsniem related -to F. rerro-fj””‘

oxidans oxidized tne mineral to sulfate and molyodic acid, "

tne workers-assumed trat oxidatlon of the sulfur components of — ~

the mineral accounved for this reaction. They overlooked —

completely tne fact that molyodenum had itself undaergone an
oxidatlion, The-aguestion thus arises whether the bacteria were
directly responsibdé tor molybdenum oxlaation.

A unird*lcém”or~conf116fiﬁg’information concerns tne

reoorted apility or F. ferrooxidans to grow on media soildified ==

with agar (26). dSryner-and Jameéson could nou confirm vhie =

observation (21), — - .
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extensive information is available concerning vheir role in

mineral tremsformation, furtner wrk 1¢ needed to clarify various

points or éonflictingilﬁfﬁfﬁéfioﬁjf'fiffi
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